Background. Regulatory T cells (known as "Treg") express apyrases (CD39) and ecto-5'-nucleotidase (CD73) and contribute to their inhibitory function by generating adenosine. We investigated the expression of CD39 and CD73 on human T helper (Th) cells and the role of CD73 in regulating Helicobacter felis-induced gastritis and colonization.
Foxp3
ϩ Treg from peripheral blood or gastric mucosa. Activation significantly increased CD73 expression on all Th cells. Inhibition of CD73 enhanced production of interferon-␥. Gastritis in H. felis-infected CD73 Ϫ/Ϫ mice was significantly worse than that in wild-type mice and was accompanied by increased levels of proinflammatory cytokines and reduced bacterial colonization, whereas Treg from CD73 Ϫ/Ϫ mice did not inhibit gastritis.
Conclusion. CD39 and CD73 expressed by Th cells contribute to local accumulation of adenosine and attenuation of gastritis, which may favor persistent infection.
Helicobacter pylori causes a lifelong infection that affects Ͼ50% of humans. Infection in adults and children is associated with chronic antral gastritis characterized by mucosal infiltration of polymorphonuclear and mononuclear leukocytes [1, 2] . Moreover, this infection causes gastroduodenal ulcer [3, 4] , as well as gastric lymphoma and carcinoma [5] .
Infection of C57BL/6 mice with H. pylori or Helicobacter felis results in chronic active gastritis [6] . Several studies suggest that T helper (Th) type 1 (Th1) cells are selectively increased in response to gastric infection [7] [8] [9] [10] . Other data have demonstrated that different subpopulations of CD4 ϩ T lymphocytes play distinct roles in mediating and regulating H. pylori-induced gastritis. For example, adoptive transfer of CD4 ϩ CD45RB hi effector T cells from naive donors to immunodeficient recipients causes severe gastritis in H. pylori-infected recipients, whereas cotransfer of CD4 ϩ CD45RB lo regulatory T cells (known as "Treg") protects against gastritis [11] . Other reports have demonstrated that Treg play an important role in suppressing immune responses to normal flora [12] and pathogens [13, 14] .
Treg usually express CD25 [15] and the forkhead transcription factor Foxp3 [16] . Because Treg impair host responses, it has been postulated that they favor persistent infection [17] . This notion is supported by experiments showing that the depletion of Treg in H. pylori-infected mice and the adoptive transfer of lymphocytes depleted of CD4 ϩ
CD25
ϩ cells to H. pylori-infected recipients promote gastritis and bacterial clearance [18, 19] . Thus, Treg play a central role in the negative regulation of pathological, as well as physiologic, immune responses.
One mediator that has been implicated in the control of the host response to infection is adenosine. Adenosine is a purine nucleoside that accumulates in inflamed or hypoxic tissues largely because of CD39 nucleoside triphosphate dephosphorylase mediating the dephosphorylation of ATP to ADP and then to 5'-AMP and CD73 (ecto-5'-nucleotidase), thereby catalyzing the terminal reaction to convert 5'-AMP to adenosine [20] . The numerous responses controlled by adenosine are mediated by 4 G-protein-coupled receptors (A 1 , A 2A , A 2B , and A 3 ). Activation of A 2A adenosine receptor (A 2A ARs) on T cells produces a series of responses that have been categorized as anti-inflammatory [20] . Our laboratory previously reported that Treg-mediated control of colonic inflammation is dependent on the presence of A 2A AR [21] . Subsequently, other studies have reported that Treg express CD39 and CD73 and that their presence enhances Treg function through the production of adenosine [22] [23] [24] [25] . Currently, little is known about the role of adenosine in Treg function or its role in controlling the host response to infection with Helicobacter species. In the present study, we examined the expression of CD39 and CD73 on human Th cells, including Treg, and evaluated the role of CD73 in regulating gastritis and bacterial burden.
MATERIALS AND METHODS

Reagents.
Phorbal myristate acetate, ionomycin, and ␣,␤-methylene ADP (APCP) were purchased from Sigma-Aldrich.
Isolation of peripheral blood mononuclear cells (PBMCs) and purification of CD4
؉ T cells. Fresh PBMCs were obtained from peripheral blood or buffy coat preparations (Virginia Blood Bank) from healthy human donors, by use of ficollhypaque (Amersham) density centrifugation [26] . For isolation of CD4 ϩ T cells, PBMCs were first depleted of monocytes by use of CD14 magnetic beads. CD4 ϩ T cells were then purified from CD14-negative PBMCs by use of magnetic-activated cell sorting beads (Miltenyi Biotec; Bergisch Gladbach), as described by the manufacturer. Isolation of lamina propria lymphocytes (LPLs) from gastric biopsy specimens. Biopsy specimens of the gastric antrum were obtained from consenting subjects who were undergoing gastroesophageal duodenoscopy for various clinical indications, as approved by the institutional review board at the University of Virginia (Charlottesville). All subjects were uninfected and were free of gastritis. Gastric T cells were isolated using a modified technique [9] . In brief, biopsy specimens were collected into sterile collection medium (calcium-and magnesium-free Hanks balanced salt solution with 5% fetal calf serum and penicillin plus streptomycin). Biopsy specimens were rinsed with aqueous betadine and immediately rinsed 4 times in collection medium containing 1 mmol/L dithiothreitol and 1 mmol/L EDTA (Sigma). The specimens were agitated for 1 h at 37°C to remove intraepithelial lymphocytes and epithelial cells, supernatant was discarded, and remaining pieces were washed with complete medium. Subsequently, lamina propria T cells were liberated by treatment with 30 U/mL collagenase (Sigma) in complete RPMI 1640.
Flow cytometry. PBMCs, LPLs, or purified Th cells were washed and resuspended in PBS at 1 ϫ 10 6 cells/mL. Cells were placed on ice and labeled for 30 min in the dark with phycoerythrin (PE)-Cy7/APC-conjugated anti-human CD25 (BD Pharmingen) and PE-Cy7/fluorescein isothiocyanate (FITC)-conjugated anti-human CD4 (BD Pharmingen), PE-conjugated anti-human CD73 (BD Pharmingen), FITC-conjugated CD39 (Serotec), or respective fluorochrome-conjugated isotype-matched control antibodies, as described elsewhere [9] . All antibodies were used at a final concentration of 0.5 g/million cells. Cells then were washed with 1 mL of cold PBS and resuspended overnight in PBS containing 0.5% paraformaldehyde. The lymphocyte population was selected for acquisition and analysis by gating on forward and side light scatter. In some experiments, intracellular staining of CD4 ϩ T cells with Alexa Fluor 647 anti-human Foxp3 (BioLegend) was also performed after surface staining. Fluorescence intensity was measured using a FACSCalibur flow cytometer (BD). Analysis was performed using Flowjo software (version 6.2.1; Tree Star).
Treg preparation and functional assessment. Purified CD4 ϩ T cells were labeled using anti-CD4, anti-CD25 antibodies, and the CD25 hi subset was defined as the highest intensity of CD25 expression. Cells were sorted using FACSVantage (BD), and CD4 ϩ T cells were cultured (5 ϫ 10 4 cells/well) in round-bottom 96-well plates (Coster; Corning) with RPMI medium supplemented with 2 mmol/L L-glutamine, 100 U/mL penicillin, 100 g/mL streptomycin (Life Technologies), and 10% AB human serum (Sigma). Cells were activated using a T Cell Activation/Expansion Kit containing beads with anti-CD2, anti-CD3, and anti-CD28 antibodies (Miltenyi Biotec), according to the manufacturer's instructions, in the absence or presence of 5'-AMP (5 mol/L) and/or the selective CD73 inhibitor APCP (100 mol/ L). Cells were stimulated for 72 h, at which point in time small volumes of supernatant were collected for cytokine assays and 3 H-thymidine (1 Ci/well) was added to each well. Cells were harvested 18 h later, and proliferation was analyzed with a ␤-Trilux scintillation counter.
Cytokine assays. Supernatants collected from the coculture assays were assayed for Th1 cytokines by use of a multiplex bead array (Upstate) and were analyzed using the Bioplex workstation and associated software (Bio-Plex Manager, version 4.0; Bio-Rad).
Mice. C57BL/6 and recombination-activating gene-1 (RAG1)-deficient (RAG1 Ϫ/Ϫ ) mice were purchased from The Jackson Laboratory. CD73-deficient (CD73 Ϫ/Ϫ ) mice inbred onto the C57BL/6 background were kindly provided by Linda Thompson [27] . All mice were maintained in conventional housing at the University of Virginia, by use of procedures approved by the institutional animal care and use committee.
Helicobacter growth conditions and challenge. H. felis (ATCC strain 51211) was cultured on tryptone soya agar plates containing 5% sheep blood (BBL; Becton and Dickinson) under microaerophilic conditions for 2 days at 37°C. The bacteria were harvested and inoculated into Brucella broth (BD Biosciences) supplemented with 10% heat-inactivated fetal calf serum (Hyclone). The number of bacteria was estimated using spectrometric absorption at A 600 , with 1 unit of measurement of optical density corresponding to 10 9 bacteria/mL. To establish primary H. felis infection, mice were inoculated intragastrically with H. felis containing 1 ϫ 10 8 cfu of the bacteria on 3 consecutive days. Mice were euthanized 4 -5 weeks after inoculation.
Collection and histologic examination of gastric samples. Stomachs were dissected along the greater curvature, and they were divided into 3 longitudinal strips and used for tissue DNA extraction for assessment of H. felis UreA by polymerase chain reaction (PCR), histopathologic examination, and RNA extraction for cytokine mRNA analyses. For histopathologic examination, longitudinal segments, including the antrum and corpus plus proximal duodenum, were fixed in Bouin's fixative solution (Ricca Chemical) for 24 h, washed twice with 70% ethanol and embedded in paraffin, cut into 3-to 5-m sections, and stained with hematoxylin. For immunohistochemical analysis, similar 3-m gastric sections were stained with polyclonal antimyeloperoxidase (MPO) antibody (Novus Biochemicals), and tissue-bound peroxidase activity was visualized with 3.3'-diaminobenzidine. Hematoxylin was used for nuclear counterstaining. The number of MPO-positive cells was counted in 10 different fields (original magnification, ϫ200) and was expressed as the number of positive cells per field. Gastric inflammation was assessed using a modified scoring system described elsewhere [28] . In brief, 2 sections were collected from each stomach, and each region of the stomach (fore stomach, corpus, and antrum) was assessed individually for 3 parameters: (1) thickening, (2) infiltration of polymorphonuclear cells, and (3) infiltration of mononuclear cells. Severity was graded based on the absence (score, 0) or presence (score, 1) of each parameter, with PMN infiltration assessed (absent or present) for focal, diffuse, or abscess involvement. Similarly, mononuclear cell infiltration was assessed for focal, diffuse, or aggregate formation in the lamina propria. For each section, a total score was calculated by totaling the score values for each region of the stomach. Results are reported as the mean total damage score Ϯ SEM.
RNA extraction and real-time reverse-transcriptase (RT) PCR. Total RNA was extracted from Th cell preparations by use of the QIAamp Blood Mini Kit (Qiagen). RNA was also extracted from mouse gastric tissue by use of the RNeasy Mini Kit (Qiagen). In each case, RNA was reverse transcribed to yield cDNA by use of the SuperScript First Strand synthesis system (Invitrogen). Real-time RT-PCR was performed in a SmartCycler (Cepheid) by use of a primer and dual-labeled probe (Applied Biosystem) for CD39, CD73, and Foxp3 in human Th cells. Real-time RT-PCR performed for the detection of mouse tumor necrosis factor (TNF)-␣, interferon (IFN)-␥, and chemokine CXCL1 (KC) was performed and quantified using an SYBRGreen kit (Applied Biosystems). The primers used for sequences were as follows: for TNF-␣, 5'-GCGGTGCCTATGTCTCAG-3,' and 5'-GCCATTTGGGAACTTCTCATC-3'; for IFN-␥, 5'-GC-CAAGTTTGAGGTCAACAAC-3' and 5'-CCGAATCAGCAGC-GACTC-3'; and for KC, 5'-CACCCGCTCGCTTCTCTG-3' and 5'-CTTGAGTGTGGCTATGACTTCG-3'. PCRs were performed, and the threshold cycle number was determined using Opticon software (version 1.07; MJ Research). Normalized levels of each mRNA were determined using the formula 2 (Rt-Et) , where Rt is the threshold cycle for the reference gene (18S rRNA)) and Et is the threshold cycle for the experimental gene (⌬⌬C T method) [29] . Data are expressed as arbitrary units.
Gastric tissue DNA extraction and assessment of H. felis colonization. Stomach DNA from infected mice was prepared using the Maxwell 16 Tissue DNA Purification Kit (Promega), as per the manufacturer's instructions. Gastric colonization with H. felis was estimated by quantifying the H. felis-specific UreA gene in tissue DNA via real-time PCR. The relative quantification of H. felis UreA was expressed relative to mouse gastric glyceraldehyde 3-phosphate dehydrogenase (GAPDH), as determined by the comparative ⌬⌬C T method mentioned above. Primer sequences for H. felis UreA were 5'-TCGATCGCG-CAAAAGCTT-3' and 5'-CGCACCGTTCCAGAT-3'. Primers sequences for GAPDH were 5'-GCTAAGCAGTTGGTGCA-3' and 5'-TCACCACCATGGAGAAGGC-3'.
Adoptive transfers. Splenocytes from C57BL/6 or RAG1 Ϫ/Ϫ mice were enriched using CD4 microbeads (L3T4; Miltenyi Biotec) [21] and then were sorted into subsets on the basis of expression of CD4 ϩ and CD45RB. CD45RB high (5 ϫ 10 5 cells) and CD45RB low (1 ϫ 10 5 cells) Th cells from control and CD73
Ϫ/Ϫ mice were intraperitoneally injected into RAG1 Ϫ/Ϫ recipients who were exposed to normal microbial flora within our housing facilities. After 7 weeks, the gastric tissues were collected, and hematoxylin-eosin-stained sections were evaluated. Statistical analysis. Results are expressed as the mean Ϯ SE. Data were compared using Student's t test (unpaired), and results were considered to be significant if P Ͻ .05.
RESULTS
Expression of CD39 and CD73 by human Th cells.
Recent evidence has suggested the involvement of CD39 and CD73 in the functional activity of Treg from systemic tissues [22, 23, 25] . 
CD25
ϩ population expressed significantly higher levels of CD39 and CD73 (68.8% and 59.1%, respectively), with ϳ47% bearing both CD39 and CD73 ( figure 1B and 1C) . CD73 expression was increased significantly in all Th subsets, compared with CD39, in response to activation (figure 1) . Figure 1C summarizes the expression of CD39 and CD73 in Th cell subsets and demonstrates the progressive enrichment for CD39, because subsets were analyzed using additional markers that are associated with Treg.
Consistent with the results of flow cytometry, activation of CD4 ϩ T cells increased CD73 mRNA expression (data not shown). When Th cells were sorted into CD4 ϩ CD25 ϩ Treg or CD4 ϩ CD25 -effector T cells and analyzed, Treg expressed more CD39 and CD73 mRNA than did effector Th cells ( figure 3A) . The enrichment for Treg was confirmed by assaying Foxp3 mRNA expression, and, as expected, the enriched Treg subset had the highest expression of Foxp3 (figure 3B).
Human gastric lamina propria Th cells express CD39 and CD73. To directly characterize CD39 and CD73 in gastric Th cells, we examined LPLs isolated from human gastric biopsy Figure 2 . Expression of CD39 and CD73 by human gastric T cells subsets from lamina propria lymphocytes (LPLs). A, LPS were isolated from human gastric antral biopsy specimens and stained with phycoerythrin (PE)-Cy7-conjugated anti-human CD4, APC-conjugated anti-human CD25, PEconjugated anti-human CD73, and fluorescein isothiocyanate (FITC)-conjugated anti-human CD39. Lymphocytes were gated on forward vs. side light scatter, were first analyzed for CD39 and CD73, and then were analyzed for CD4 ϩ and CD25. Three different populations (CD25 high , CD25 mid , and CD25 low ) were chosen based on the expression of CD25 and assayed for CD39 and CD73. Quadrants are drawn based on isotype-matched control antibodies that gave Ͻ1% background. Data are representative of 4 separate experiments. B, Gastric LPLs were treated with media (i.e., resting) or activated with phorbal myristate acetate and ionomycin (50 ng/mL ϩ 500 ng/mL) at 37°C for varying lengths of time and analyzed for mRNA expression of CD39 and CD73 measured by real-time reverse-transcriptase polymerase chain reaction. Data are representative of 3 separate experiments. FSC, forward scatter; SSC, side scatter.
specimens. LPLs were stained and analyzed for the expression of CD39 and CD73 in various Th cell subsets. Gastric CD4 ϩ T cells expressed both enzymes. Moreover, the levels expressed by Th cells bearing markers normally associated with Treg expressed the highest levels of CD39 and CD73 ( figure 2A) .
Inhibition of CD73 impairs suppression of IFN-␥ by Treg. Th cells from peripheral blood or the gastric lamina propria expressed CD73, but yields from the mucosa were too low to study functionally. Therefore, Treg were separated from peripheral blood and used to assess CD73 function. Th cells were activated with anti-CD3/CD28 or beads coated with anti-CD2, anti-CD3, and anti-CD28 antibodies. Subsequently, the cultures were assayed for proliferative responses and IFN-␥ secretion in the presence or absence of APCP, a specific inhibitor of CD73 enzymatic activity [23] . Other cultures were tested with or without the CD73 substrate 5'-AMP. As shown in figure 4A and 4B, the addition of APCP in a coculture assay with Treg and effector Th cells did not reverse the suppressive action of Treg on proliferation but was able to impair suppression of IFN-␥ production ( figure 4B) . In another assay, anti-CD3/CD28 -stimulated autologous PBMCs were cultured with sorted Treg with or without 5'-AMP. This also suppressed IFN-␥ production, which was reversed by the addition of APCP (data not shown). These functional assays proved that, like murine Treg, human Th cells express CD73 and appear to be able to generate adenosine that suppresses IFN-␥ production.
CD73 ؊/؊ mice have more H. felis-induced gastritis. Although in vitro results suggested that Th cells in the peripheral blood and stomach express CD73, an in vivo model was used to study the role of this enzyme in the development of gastritis and bacterial colonization. There was no significant difference in gastritis or cytokine expression in uninfected mice lacking CD73. In contrast, the inflammation score and ϩ ) or T effector (CD4 ϩ CD25 Ϫ ) subsets. A total of 50,000 sorted Treg were combined with an equal number of effector Th cells and were stimulated with beads with anti-CD2, anti-CD3, and anti-CD28 monoclonal antibodies in a coculture assay, in the absence or presence of APCP (100 mol/L). Cells were stimulated for 3 days, and, on the last day, they were labeled with 3 H-thymidine and harvested after 16 h. Proliferation was estimated using a ␤-cell-plate scintillation counter. NS, not significant. B, IFN-␥ production (at 72 h) measured in supernatants in which culture were supplemented with 5'-AMP (5 mol/L) with or without APCP treatment. Data are the mean Ϯ SE of triplicate wells. *P Ͻ .05. Data are representative of 3 independent experiments. , ϫ100) . Only a few scattered mononuclear cell (MNCs) and MPO-positive granulocytes can be seen in the submucosa and lamina propria, with no abnormal thickening of the gastric wall noted in uninfected control mice. Severe gastritis with dense MNC infiltration and defused MPO-positive granulocytes were noted in the submucosa and mucosa of the CD73 Ϫ/Ϫ mice in both the cardia and antrum regions. MNC aggregates between the glands are spanning the entire width of the mucosa. A concomitant hyperplasia with widespread thickening of the gastric wall, as well as gastric atrophy, can be observed. B, Histologic scoring of gastritis in uninfected and infected wild-type and CD73 Ϫ/Ϫ mice. C, Quantitative expression of MPO-positive cells in uninfected and infected control and CD73 Ϫ/Ϫ mice per field (original magnification, ϫ200). Data are the mean Ϯ SE for pooled data, including 2 identical experiments with 4 mice per group. *P Ͻ .05.
. inflammatory cytokine (TNF-␣, IFN-␥, and KC) mRNA responses were significantly higher in the CD73 Ϫ/Ϫ mice at 28 days after infection (figure 5), and inflammation was virtually identical at 60 days after infection (data not shown). Consistent with reports in other models in which gastritis is more severe [19, 31] , bacterial colonization was lower in the CD73 Ϫ/Ϫ mice at 28 days after infection ( figure 6B ) and, again, was comparable at 60 days after infection.
CD45RB low Treg from CD73 -/-mice failed to prevent gastritis. To examine the functional relevance of CD73 on Treg in vivo, we used a mouse adoptive transfer model [11, 32] . It is known that adoptive transfer of pathogenic CD4 ϩ Th cells to RAG1-deficient mice causes severe gastritis and that this transfer can be prevented by the simultaneous cotransfer of Treg [11, 32] . We confirmed CD73 expression by murine Treg (both CD45RB low and CD4 ϩ CD25 ϩ cells) from gastric or splenic lymphocyte preparations (data not shown), whereas the cotransfer of Treg from CD73 Ϫ/Ϫ mice did not prevent gastritis (figure 7A and 7B).
DISCUSSION
Adenosine is a ubiquitous nucleoside that is typically found at low concentrations in the extracellular space. Levels can increase substantially in response to tissue injury or metabolic stress, even reaching as high as 100 mol/L in some areas of inflammation [33] . Increased levels of extracellular adenosine are produced in part from extracellular ATP and govern various cellular responses by acting on the adenosine receptors (ARs). Thus, the expression of the ectoapyrase CD39 and the ecto-5'-nucleotidase CD73 levels on subsets of Th cells is important to increasing our understanding of how metabolism of ATP to adenosine regulates inflammation in response to gastric infection. The present study demonstrates that human CD4
from peripheral blood or gastric tissue are enriched for the expression of CD39 and CD73, suggesting that such Treg contribute to adenosine synthesis which, in turn, mediates an antiinflammatory function. Moreover, the attenuation of the inflammatory response may favor Helicobacter persistence. Deaglio et al. [22] recently reported that, in murine Th cells, the expression of CD39 and CD73 by Treg and the presence of A 2A AR on activated effector Th cells generate immunosuppressive loops whereby Treg generate adenosine that inhibits the function of effector Th cells. Similarly, Kobie et al. [23] showed that murine Treg express CD73 that converts 5'-AMP from extracellular sources into adenosine, which, in turn, suppresses effector Th cells. We found that CD73 is widely expressed and highly inducible with activation and that CD39 is more closely associated with Treg but is still somewhat inducible during Th cell activation. Unlike in the murine model, CD39 is not ex- pressed on all Treg in humans, a finding that is in agreement with a previous report [25] . Because CD39 and CD73 are rate limiting for extracellular adenosine generation, the ability of Treg to synthesize adenosine from ATP and ADP can significantly contribute to their ability to suppress effector cells during infectioninduced inflammation. Furthermore, the expression of CD73 alone by effector Th cells or other cells may contribute to the adenosine pool that serves to limit host responsiveness.
Normally, T cells in the stomach are biased predominantly toward the Th1 phenotype, as is evidenced by their ability to produce IFN-␥ but little interleukin (IL)-4 [8, 9, 34] . Despite the robust gastritis associated with Helicobacter infection, infection persists for life. Failure to clear the infection may lead to compensatory induction of Th cells with regulatory function to protect the gastric mucosa. Indeed, there are now several reports that Th cells resembling Treg are present in the gastric mucosa during infection of humans and mice [35] [36] [37] [38] . Moreover, Rad et al. [19] have proposed that these Treg contribute to persistence. Treg may produce sufficient levels of IL-10 and transforming growth factor (TGF)-␤ to attenuate responses rather than to prevent gastritis totally. In the present report, we have shown that Treg prepared from mice lacking CD73 fail to regulate gastritis, compared with wild-type Treg, suggesting that adenosine too, may contribute to the pool of mediators that give Treg their function.
We observed that Th cells in human blood or gastric tissue expressing markers associated with Treg have a significantly higher expression of both CD39 and CD73. Moreover, there is an even higher percentage of Th cells resembling activated Th cells and Treg, compared with peripheral T cells (figure 2). Murine Th cells expressing CD73 act on the 5'-AMP substrate to generate sufficient adenosine to suppress effector Th cell function [23] . The importance of CD73 on Treg was demonstrated by the observation that Treg from CD73 Ϫ/Ϫ mice failed to prevent gastritis. The current study confirms the importance of CD73 in regulating immune and inflammatory responses and extends this principle to human Th cells in both systemic and mucosal tissues.
As observed in IL-10 -deficient mice, marked inflammatory responses are sufficient to clear infection with Helicobacter species [31, 39] . Thus, attenuating these responses favors persistence. Moreover, infection of CD73 Ϫ/Ϫ mice led to ϩ CD45RB high cells from C57BL/6 mice, CD4 ϩ CD45RB high cells and CD4 ϩ CD45RB low from C57BL/6 mice, or CD4 ϩ CD45RB high cells from C57BL/6 mice, as well as CD4 ϩ CD45RB low cells from CD73 -/-mice. The histologic findings for the gastric tissue specimens from recipient mice were scored 7 weeks after transfer. A, Photomicrographs show the hematoxylin-eosin (H-E)-stained sections of the gastric corpus-antrum region of representative recipient mice. Severe gastritis with dense mononuclear cell infiltration and diffuse granulocyte accumulation in the submucosa and mucosa of both the corpus and antrum, with widespread thickening of the gastric wall, as well as the presence of gastric atrophy, can be observed in recipient mice that received Treg from CD73 -/-mice. B, Inflammation was scored and summarized. Data are the mean Ϯ SE from pooled animals from 2 identical experiments. *P Ͻ .05. WT, wild type.
markedly greater inflammation and decreased colonization with H. felis, compared with infection of wild-type mice. These data are consistent with the fact that activation of A 2A AR by a specific agonist attenuates gastritis in rats [40] . Therefore, adenosine can be added to the list of mediators that have the potential to control gastritis in response to a local infection with Helicobacter species and, in so doing, regulate colonization.
In summary, the expression of CD39 and CD73 by Th cells and the enrichment of both enzymes in Treg in humans suggest that Th cells contribute to local adenosine accumulation and the control of inflammation. Moreover, diminished generation of adenosine in CD73 Ϫ/Ϫ mice was associated with impaired Treg function, enhanced gastric inflammation, and reduced levels of colonization on challenge. Together, these observations support the notion that the production of adenosine and its ability to limit inflammation may contribute to the persistence of Helicobacter infection.
